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HEM (0.1M-1.0M) 12725 XS IZNaClzifmL. ¥ >0 BigENIL0.1 %(w/w)
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FlED7z8h, T AEDORmEH LM CHZYI— K (Sigma Chemical Co.) T
A—F4 2T L7z,

BSAZ )V OFAEIEIILL T OED TH D, HERODERTHNWEZD EFEEDBSAZ
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(AVEBIE DA F > mENL.OMIC/Z D XS NaClZEML =50
BN A F BEMNIOMMIZIZ D LD CaCl,z2dmlizd o
Oz L

NG OEIEE, BSAERBROUERZ L TT IV 2.

KEX 7B 11S7 1T ) AL T, k2 BRI 8 L BBk R T35
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mh xR Lz, BIEETNT2CTITo7/. BEAITINVOETEEET IO G
XOHELUTEE L, WEREL, BIED S5SNI — EAEROM/NE SR
BBV B OEE NS EHE LT,

2.2.3 7505 )NVRIEDDEE

T, BERRED. 7y F VNV ERE LTI Oy Lz, WRABID
GRIZFENTND LD 7 DI, strong-link” )V Tld o BIEINT 2T DIUN
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BELlz. "motizr e, ¥ NI EORNESMEE L THENTNS
fluorescein isothiocyanate DA THRE L7z, RO % i L7473, SEMEE
BHOASARTSIAIIT U MLize IN—=F 5 A% AR~ —ELTHIOME
PUGICBEE, SHIWIRDOAN—T 5 A% AR~ —D FIzD8=, H)IN—7 T 2
BRI ZF a7 TEELZOL, HESBEMERRICHL-,

BSRABRICT, L —Y g S FMEmodel MRC600 (Bio-lad Laboratories,
Inc) ZRWE, BERICX> THESNZEHRIE. X—YF)INa>Ea—%
Macintosh BT, H{§#EHT 7 k™ = 7NIH Image program ver.1.59% A\ T —{&
fEU7z. —fE(L L7z HRD 5, box-counting#14) ICED X, 757 % )URIFO 0
> ¥ a—4#— Y7 k1 ¥7Fractal Dimension Calculatorz W T, Diz&EHL L
7zo 12, box—countingik@REIILL T OED TH 5.
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NG, EEOEENS, ORICED 75275 IIVRITDDEIF2.19 KD 5Nz,

Table 117, NaCLERMRDODDRERERZ X ED TRT. A4 VR0 1M, IR
EERI90mMINDIB A, DiDEI2.11TH >z BAFBET, o F 2 38E0. IMDBSATR
EBEMRIZEL T, pHABSA O%FER (4.9) 19 BV 105 EITIE. DeL.E,
pHIDBAIIIDE2.1E720, TNENDYT FAY — - I FTAY —BRETIND—

FETH SR RET TV, CEENBEET T IVOTAEE BT LI LR
FLE) . ZOERIZ. BSAYTORMMEOFEL L THATES. —4.
Table 1% B2 &, IMEREMNEL, {42 HBENEVEDDEIIRE <, &A2.8
EEUD{EK&TVJ%D IO EE. BEEONaCIFENFROEEIIBVWTEL, 7T A
Y 52 —REETINICBITBRTF RN LTS T A Y — ORI &K A
ZDHTHL . BEFEBEOEBRITIS WRI-> TN IEZREL TN,
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W T L B ORIER L, E DK E X OREENTER S LT W B AIREED & 2
3.2 WETSINPOBREEDT S0 5 IVIEED

Fig. 32/ — BEHBO—H 2 RT. RIPOBFIIY NI ERETHS, D
N DEE. i — EARIE BT OEMANR S Nz,

Fig. 417, HRERMTHEL L =BSAY )V OBRFRRED. 7 0B L U3 I£T—E<D
BSAMEEE ¢ ot T AW 7Oy FERT. 7 DiEIZ ¢ OEIMIENEDL, ZO
2OV Pistrong-link 7 )V TH B 2 ENERTE S, Lo T, strong-linkiZBI9 2(3)
KAEBWTT T 5 ) RTOEHN2.00-2.07 KD 517z, mH. ZorIViE. By
\J EBAT, L — e SERMEEIC Ko THRERDPBR S NIah o7z,

Fig. 5 12V AEE30mMEIN L TR LZBSAT )V D ¥ oBEUED 1T
THMEE T Oy NERT. 7Dl ¢ DIV IBINL, ZO7 )V hweak-
k7 T 5 2 EDNHERTE S, Lo T, weak-linklZBT20)XNzANTT T
7 5 VRITTDEMN2.82 LK BTz,

Fig. 61ZFig. 5&|§J1:?%0173)|/“/'7Aiﬁ7£301nl\/[??1§7]l]L'C%ELTCBSA’?)]/@ L—
il g SRR L B ERERT . AUMORNF Y DFIIVOERTHD. nm
F—5— DY A XORREFENBRRE NIz,

Fig. 7 12 Fig. 6 OEf % box-counting#c &> TR L =R 2R T . EfRLE
ko TRDSNIZT T TV RIEld2.81TFig. 5 B RAIFE I L o TRD 5N
ERLIFIE—HLTWS, 2O EF. ZOF)OBEEOEBSNEO L mF —

5 —DEHERD T 57 ZIEEDORKMRTH D 2Rl TS,
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MREEEDTRT, COXRDITRRATZBRY VNI EREST ) DWIERN, 75
I INVHFwRICK ORI ENZ, o, IRNEOEE - BEOEWVWIZLD, R—0%
> X7 BT Hstrong-link, weak-linkifi 5D & 1 7O IR SNz, Z0ERICL
5 &, B BB VO Dstrong-link, F¥& L 727 )Lt weak-link & 72> T
WAEENRS5N5,

Shih512) 12k 5 &, TV OEERIIENITH L TRRICER T 51EEEZE LT
WDIEE. 7 I)Vidstrong-link D2EB 2R/ L, — HREERD BRI ERE 2 S 24 L
T35 EITEweak-link7 )V DZEF 2 RS, BHEOHIFEICLIUL, 174 mED
INEWERATHEL ZZBSATZ EDINEVEERIT, BRIOEVWEETH S MBI
THD202D, KFFEIZB W Tstrong-linkZ 7= U= BB )L D EFER & BIRE/ S
ThHhDEEALND, —Fh, FIORLELIIZ, weak-linkD2#§) 2R L7=7 )LD
BERIEEEIE. BIRENWDIEZDDULABKITGEND D TH D, T Uiz EmEES
DENWD, BERDOTZREDENE H/Z5 L, strong-link £ 7z ldweak-link D2 &)
TR L7z EHER TN 5,

4. FEROPE

KT, & NI EGRET I OBEROEB DN NESDEERD T S5 27 4 )V
EDRIRTH D &, IRMOEBEEEA D Z &1L 5T, Shih DEFHICHIT S
weak-link, strong-link 57D 1 7D INNESNSE Z EZASNLE, 7
D HBFRIZ BN TIEEREDOBBRNE I > Tnd ZENRBENSZ, L,
BT IVICBE U Cld e SUBEMEE 1T & > T3 s i i E SR T Nzh -
2o BTHL, THOLERTIWVOEEED AT —)VZ. umbL FE2DOTHAD, N
5 D EEERIEE DT Z 1772 7= DI E A FAMB LN D FIEIC L5 T E DN E
ThdEEALN, SEROMTNREETH 2.
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Fig. 1 Dependence of Scattered Light Intensity |

of Heated BSA Solution on q
Solvent: 50mM HEPES buffer (pH7.0, ionic strength = 0.2 [M]).
Heating time: 90min.

Table 1 Dependence of Fractal Dimensions Df of Various Ionic Strength I
on Heating Time.
Solvent: 50mM HEPES buffer (pH7.0, NaCl was added).

Ionic strength Heating time Fractal dimension
I M] [min] D¢
0.1 90 2.11
0.2 40 2.08
90 2.19
120 2.27
03 17 2.08
25 2.39
0.4 20 2.53
0.5 16 2.50
0.6 13 2.84
1.0 10 2.12
11 271
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Fig. 2 Dependence of Scattered Light Intensities I of Heated BSA Solutions
Heated for Various Timeson q.

Solvent: 50mM HEPES buffer (pH7.0, CaCl, concentration was 5mM).
Heating time: O, 45min; A, 30min; [], 10min; @, 5min; A, 2min.
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F|g 3 Typical Stress-Strain Curves for BSA Gel.
Solvent 50 mM HEPES (pH 7.0, 30 mM CaCl)

The numbers in the figure represent the concentration of gels.
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Fig. 4 The Double Logarithmic Plots of v, Vs. ¢ (A) and E vs. ¢ (B) for BSA Gel.

Solvent: 50mM HEPES buffer (pH 7.0, no salt was added).
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Fig. 5 The Double Logarithmic Plots of v, Vs. ¢ (A) and E vs. ¢ (B) for BSA Gel.
Solvent: 50mM HEPES buffer (pH 7.0, 30mM CaCl).
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Fig. 6 Photographs Obtained Using a Confocal Scanning Laser
Microscopy for Aggregates in the BSA Gel Prepared with 50 mM HEPES
Buffer Containing 30 mM CaCl» as a Solvent.

(left) an original image, (right) digitized image.
BSA concentration: 211 kg/m3.
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Fig. 7 Plots for Estimation of Fractal Dimension D¢ for Aggregates

in the Gels Prepared with 50 mM HEPES Buifer (pH 7.0,
30mM CaClyp) as a Solvent.

BSA concentration: 211kg/m3.

Table 2 Fractal Analysis of Aggregates in Protein Gels.

Protein Gelation condition  Link type  Fractal dimension Df  Gel appearance
Evs.¢ N@L)vs.L
[=1.0; NaCl Weak 2.67 Turbid
BSA 30mM CaCl, Weak 2.82 2.80 Turbid
5mM CaCly Weak 2.61 2.68 Turbid
No salt added Strong 2.00-2.07 - Transparent
1=1.0; NaCl Weak 2.62 2.70 Turbid
B-LG 30mM CaCl, Weak 2.69 2.70 Turbid
No salt added Strong 2.14-2.20 - Transparent
11S Globulin GLD 0.1g/g protein = Weak 2.70 - Turbid
Casein GLD 0.25g/g protein ~ Weak 2.65 - Turbid
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Effect of Metal Salts on Fractal Structure of Protein
Aggregate Gels and Their Elastic Behavior

Kozo Nakamura and Hitoshi Rumagai

Department of Applied Biological Chemistry,
The University of Tokyo

Summary

Metal salts influence mechanical properties such as
viscosity and elasticity of food gels. Many researchers have
investigated the effect of salts added on mechanical properties,
but the relationship between the microscopic structure of the
gels containing metal salts and physical properties of the gels
has not been clarified due to disordered shape of the inner
structure. Recently, fractal analysis has attracted attention
as a quantitative analytical method that can characterize many
kinds of disordered shapes.

In this study, fractal structure of the protein aggregates
containing metal salts such as NaCl was measured, and the
elastic behavior of protein aggregate gels was analyzed with a
concept of fractal.

First, the structure of aggregates formed by heating dilute
BSA solution containing metal ions was analyzed using the static
light scattering method. BSA was dissolved in HEPES buffer at pH
7.0 and heated at 95 °C. For the aggregates prepared by heating
BSA solutions with NaCl, the values of D, were evaluated to be
2.1 to 2.8, increasing with the increase in NaCl concentration.
On the other hand, for the aggregates prepared by heating BSA
solutions with CaCl,, the fractal structure was not observed.

Second, the fractal structure of aggregates in protein gels
and those containing metal salts was examined: four proteins
were used; (1) BSA, (2) B-lactoglobulin (B8-LG), (3) 11S soybean
globulin, (4) casein. From the concentration dependence of the
gel elasticity, the fractal dimension Dt of the aggregates in
the gels was evaluated, using the theory of Shih et al. It was
confirmed that both the strong- and weak-link type gels in the
theory of Shih et al. were obtained by varying the types and
concentration of metal salts. In addition, a micrometer scale
structure of the aggregates in the gels was observed using
confocal scanning microscopy. As for the BSA and B-LG gels
containing CaClz (weak-link type), the values of D; were also
evaluated from the analysis of the gel image obtained with
confocal scanning laser microscopy, the values being close to
those evaluated from the gel elasticity measurements.
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